Previously we identified two intronless serine-threonine kinase genes (Tsk1 and Tsk2) located 3 kb apart on mouse chromosome 16
Results
Meiosis, resulting in the production of functional haploid germ cells, is critical for sexual reproduction. In male mice, this occurs within the seminiferous tubules as spermatogonia undergo meiosis to form haploid spermatids and eventually differentiate into spermatozoa. This is evidenced as a gradient of differentiating cells within the seminiferous tubule, culminating in the release of spermatozoa into the lumen. The formation of haploid spermatids (spermiogenesis) involves dramatic changes in cellular morphology and structure including nuclear condensation, flagellar assembly, mitochondrial reorganization, formation of acrosomes and residual bodies and loss of approximately 75% of cell volume (Sprando and Russell, 1987) . As phosphorylation is a common means of regulating protein function (Scott and Soderling, 1992; Hanks and Hunter, 1995) , it was of interest to compare the expression patterns of two newly-discovered serine-threonine kinases, Tsk1 and Tsk2, during germ-cell production.
Tsk1 was first detected at 3 weeks, in single cells within the wall of the maturing seminiferous tubule. The appearance of Tsk1 at 3 weeks of age is coincident with the presence of round spermatids (Russell et al., 1990) . Immunofluorescent staining revealed amorphous patches of Tsk1 distributed asymmetrically around the nucleus (Fig. 1A,  arrowhead) . By 4 weeks, the total number of Tsk1-staining cells increased. At this age, Tsk1-staining was predominantly associated with cells that appeared to be in meiotic metaphase (Fig. 1B, arrowhead) . There was no evidence of condensing spermatids at this stage. However, by 5 weeks, the adult patterns of both Tsk1 and Tsk2 expression were established. Tsk1 continued to be present in meiotic cells at the metaphase stage and associated with structures likely to be residual bodies ( Fig. 1C(rb) ). The number of Tsk1-staining metaphase cells remained relatively constant after 5 weeks. The amount of Tsk1 staining noted in the lumen of 3-week, 4-week and 5-week seminiferous tubules (compare Fig. 1A -C) reflected differences in spermiogenesis typically seen in sections of maturing testes (Russell et al., 1990) .
Tsk2 was not readily detected until spermiogenesis was well under way, i.e. in 4-week to early 5-week testes. Its expression pattern (Fig. 1D ) was notably different from that of Tsk1. Intracellular staining was more diffuse (Fig.  1D(cyt) ) and resulted in a yellow-orange fluorescence when associated with the 7-AAD (7-amino actinomycin) red-stained condensing nuclei (Fig. 1D(cn) ). Within the lumen, Tsk2 appeared associated with tail-like structures (Fig. 1D , arrow) and in particles resembling residual bodies that were both free and adjacent to condensing nuclei. In contrast to Tsk1, Tsk2 was never detected in dividing cells in metaphase.
Combining higher magnification DIC (differential interference contrast) and epifluoresence images confirmed that Tsk1 was indeed associated with cells in the first or second meiotic metaphase ( Fig. 2A,B) . The DIC image revealed cells within the adlumenal portion of a mature seminiferous tubule with organized spindle apparatus ( Fig. 2A arrowhead) and a condensed metaphase plate ( Fig. 2A, arrow) . When the double immunofluorescent image was superim- posed on the DIC image (Fig. 2B) , it became clear that Tsk1 was expressed within the metaphase cells. Confocal microscopy of metaphase cells revealed the arrangement of amorphous patches of Tsk1 (Fig. 2C, arrowhead) around the spindle apparatus. Tsk1 continued to be associated with the nucleus of non-metaphase cells prior to the onset of nuclear condensation (Fig. 2D, arrowheads) .
In order to more precisely define the association of Tsk1 with maturing spermatids, isolated testicular cells were subjected to double immunofluorescence and DIC microscopy. Tsk1 persisted after the onset of nuclear condensation at the base of the sperm head and was concentrated within the forming residual body (Fig. 3B,D,E) . In the nearly-mature spermatozoon, staining was concentrated in the residual body and cytoplasmic droplet (Fig. 3E (cd) ). The characteristic 'hook' of the mouse sperm head was readily seen in both DIC and confocal images.
In conclusion, the results reported here document the distinct but overlapping patterns of Tsk1 and Tsk2 expression from meiotic metaphase through spermiogenesis, thereby extending earlier observations of Tsk expression (Kueng et al., 1997) to the cellular level. 
Methods

Immunohistochemistry
Antisera were raised in rabbits against 6-His fusion proteins consisting of the unique carboxyl terminal amino acids of each TSK (Galili et al., 1997; Galili et al., 1998; Kueng et al., 1997) . Tissue sections and isolated cells were prepared and stained as described by Galili et al. (1998) , omitting TSA direct amplification, and were then analyzed by DIC, epifluorescent, or confocal microscopy.
Identification of spermiogenic intermediates
Testes from a 12-week old CD-1 mouse were decapsulated and the tubules minced in cold PBS. The cell suspension was 70-mm filtered to remove clumps and the cells allowed to adhere to polylysine coated cover slips. Cells were fixed and stained as described by Galili et al. (1998) , omitting TSA direct amplification, and were then analyzed by DIC and confocal microscopy.
